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COMPARATIVE STATISTICAL ANALYSES OF THE
1916 AND 1931 EPIDEMICS OF POLIOMYELITIS IN
AND ABOUT THE CITY OF NEW HAVEN*
JOHN R. PAUL, J. D. TRASK AND R. SALINGER
In the following report we have assembled and compiled some
rather conventional statistical data gleaned from two extensive epi-
demics of poliomyelitis which have occurred in and about the City
of New Haven. Our interest lies mainly in analyzing certain events
which occurred within this area during both epidemics, and compar-
ing them. Such events, which lend themselves for comparison
indude: (a) the time of onset and decline of the two epidemics;
(b) the age distribution of the populations attacked; (c) the geo-
graphical location (home sites) of cases in each epidemic.
It should be stated, at once, that present methods of reporting
the incidence of poliomyelitis are inadequate because we still do
not know the clinical limits of this disease. In particular, the
problem of so-called "abortive" forms of the disease has been a
knotty one, since Wickman"0 first called attention to their existence,
for the symptomatology of these "abortive" forms is indefinite,
including as it does, many examples of illness which seem to be
merely a gastrointestinal upset, or a mild bout of fever, headache,
vomiting, etc. Consequently, most physicians find it very difficult
to make a diagnosis of either poliomyelitis or "abortive" poliomye-
litis, except in the presence of tangible signs of the disease, such as
evidences of meningitic or myelitic involvement. In any event, the
question of uncertainty of diagnosis has excluded cases without
meningitic or myelitic involvement from statistics on poliomye-
litis5 7, although it is needless to point out that, if the disease is
thus limited, such a concept will enormously influence views not
only on the epidemiology, but also on the fundamental nature of
this disease.
This problem was vividly impressed upon us during the recent
(1931) epidemic. For practical purposes some diagnostic criteria
were necessary and these gradually resolved themselves into: (a)
the development of paralysis in association with the usual signs of
* From the Departments of Medicine and Pediatrics, Yale University School of
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the disease, with or without the presence of abnormal spinal fluid
findings; and (b) the presence of a pleocytosis (i.e., more than 12
cells) or a definite increase of globulin in the spinal fluid, in associa-
tion with the usual signs of the non-paralytic form of the dis-
ease. Such criteria eliminate many examples of illness characterized
only by sore throat, fever, vomiting or headache with or without
mild stiff neck, which accompany an epidemic of poliomyelitis.
Obviously, our diagnostic criteria are incomplete, but it is equally
obvious that the question as to where to draw the line is difficult.
For statistical purposes, however, it is essential to adhere rigidly to
given criteria, such as those mentioned above, in full recognition
of the fact that probably only a small percentage of the total cases
of poliomyelitis are recorded.*
In the light of our proposed comparative epidemiological study
it is pertinent to know whether our diagnostic criteria of 1931 con-
form to those employed in 1916. The answer to this question is
not an exact one but is relatively satisfactory, for most of the 1916
cases included in our lists were admitted to the New Haven Hospi-
tal, and records are available which testify to the fact that the diag-
nostic criteria employed then were practically the same as those
employed today. This fact is also borne out by personal conversa-
tion with several physicians actively engaged in practice in New
Haven in 1916. It is our belief, nevertheless, that the reporting
of cases was more extensive in 1931, than in 1916. This, in some
measure, may be responsible for the higher incidence of 1931 cases.
For instance in July, 1916, the estimated population of the City of
New Haven was about 150,000; the cases of poliomyelitis reported
from the city during that summer totalled 95, with a mortality of
17.9 per cent. In July, 1931, the estimated population was
162,000 and the reported cases of poliomyelitis totalled 149 with
a mortality of only 6.7 per cent. Many factors aside from those
mentioned may be responsible for these marked differences and so,
for obvious reasons, a comparative analysis of the total incidence
of cases in the two epidemics, or their respective mortalities will not
be made.
* In a recent study9 of three communities adjacent to New Haven it was found
that, during the epidemic period, the ratio of characteristic minor illnesses or
"abortive" poliomyelitis (Wickman's type) to frank poliomyelitis, was the same in
each, namely 6:1.
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Methods*
Our list of 1916 cases of poliomyelitis, which included cases
from West Haven, Hamden, North Haven, and East Haven, was
obtained from the records of the New Haven City Board of Health.
Most of these cases had been patients in the New Haven Hospital
and in these instances, the hospital histories were available.
The list of 1931 cases was obtained by: (a) admissions to the
New Haven Hospital; (b) Reports from the Department of
Health, State of Connecticut6; and (c) Reports from the local
Municipal Boards of Health. As the New Haven Hospital was the
only hospital in New Haven to which cases of poliomyelitis were
admitted during the summer of 1931, contact was established with
the great majority of local cases occurring during this epidemic.
Actually 90 per cent of the 220 cases listed by the State Department
of Health as coming from New Haven, West Haven, Hamden,
and East Haven, were seen by us. In all instances the effort was
made to interview the families of these patients, and, beside gather-
ing the information employed in the analyses given below, data of
other types were obtained. These concerned the contemporary
health of other members of the family, movements by individual
family members within and without the city prior to the onset of
the disease, milk supply, etc.
Results
Seasonal Comparison. Although there are several points of
similarity between the two local epidemics, there is one which is
particularly outstanding, namely, the time at which both epidemics
began, reached their peak, and regressed. Comparative curves of
the onset and progress of the two epidemics appear in Fig. I. It
will be seen that the peak of each epidemic, recorded as numbers of
cases per week, was reached in both years at the same time,-the last
week in July. This was followed by a sharp drop within two to
three weeks, then by an elevated plateau which subsequently
declined sharply during early or mid-September. From prelimi-
nary reports one gathers that this is practically a repetition of the
events which took place in New York City during both epidemics.
* We are particularly indebted to Drs. John L. Rice and D. M. Lewis of the
Department of Health, City of New Haven, for the privilege of examining the
records of their department and for interviewing the families of patients.
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Similar figures obtained in and about Boston, show that the 1931
epidemic seems to have repeated the events of 1916, but there, the
disease seems to have reached its peak in September in both
epidemics.
The New Haven figures require little comment, except for the
growing conviction, that, with these data before us, if another large
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FIGURE I. Curves showing the respective incidence of cases per week occurring
in the 1916 and 1931 New Haven epidemics of poliomyelitis.
explosive epidemic of the disease should appear during July, one
would be thoroughly tempted to predict the subsequent relative
incidence curve on the basis of the two curves already at our dis-
posal. The significance of the seasonal distribution is, of course,
unknown; its extraordinary regularity, however, and the fact that
few of our common infectious diseases adhere so rigidly to a given
seasonal incidence, would suggest that in poliomyelitis the role of
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season is of fundamental importance, either in its effect upon the
host, the virus, or the dissemination of the latter.
Age Groups Affected in Both Epidemics. The age distribution
of poliomyelitis appears to be one of its most constant features, the
same general characteristics being observed whenever the disease has
been prevalent. Comparisons between the age groups attacked in
this disease and in measles, and diphtheria, have led many to sus-
pect that the lack of immunity to poliomyelitis is essentially an
expression of lack of exposure to the virus, and, that as the oppor-
tunity for this exposure increases, either clinical or sub-clinical
immunity develops'. Thus, as a general rule, it is recognized that
approximately 50 per cent of all poliomyelitis cases occur in children
under 5 years of age; 80 per cent under 10; and 90 per cent under
15.* One fairly constant significant change in this standard distri-
bution, however, is that observed in rural populations, for here, the
disease tends to attack an old age group2.
In Fig. II is shown the age distribution of 148 local (NewHaven
County) cases of poliomyelitis from the 1916 epidemic, as compared
- I _____1931- 244 CASES
12
-----* ~1946 48 CASES
10
z
2 -
AGE 0-1 2 4 6 8 e 121418 e222a4A2B332343384042444
FIGURE II. Curves showing the age incidence of cases in the 1916 and 1931
New Haven epidemics of poliomyelitis.
* Occasional discrepancies from this recognized age distribution have been
recorded. Limper et al.8 have recently reported a series of 268 cases of poliomyelitis
collected from the 1930 epidemic in San Francisco in which 26.8 per cent
represented persons over 16.
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with 244 local cases from 1931. The two curves conform dosely
except for the fact that in 1916 the disease tended to attack children
who were younger by about two years, than were those attacked
in 1931. Thus in 1916, 13.5 per cent of the total number of
cases occurred in infants under one year,-a finding which is practi-
cally in accord with the 1916 findings in New York City7; whereas
in 1931, only 0.5 per cent of the total number of cases is recorded
in infants under one year, and this same low incidence in infants
is also reflected by statistics obtained from the entire State of
Connecticut6. An explanation of this difference between the two
epidemics is lacking. It might be due to differences in the strains of
virus responsible for the two epidemics; to differences in the mode
of life, or to the mass immunity of the population at these two
different times. The last suggestion would postulate that in 1931
a higher degree of immunity may have been present in young adults,
which in turn is reflected in a higher degree of passive (hereditary)
immunity in young infants, than was present in 1916. Whether
or not this immunity was established clinically in 1916, to become
evident in individuals over 15 and their infant progeny in 1931 is,
of course, pure speculation, but within the realm of possibility.
Incidence versus Population Density and Terrain. Apart from
the recognized and more or less constant differences in the incidence
of clinical poliomyelitis at different latitudes, which consist of a
diminishing frequency of the clinical disease in warm climates, dis-
crepancies in different locations in practically the same latitude have
been noted.* It is highly questionable whether some of these differ-
ences, notably examples of striking epidemics which have been
reported from remote rural localities, are based on adequate statisti-
cal observations'. By analogy there is no particular reason to
believe that during a large epidemic of poliomyelitis, the cases
would be unevenly distributed within such a small area as that
covered by the City of New Haven and its neighboring towns.
Nevertheless, our survey of this district, including urban and semi-
rural areas as it does, offers an opportunity to observe the relative
incidence of the disease in different wards and districts, many of
which represent quite different types of terrain and living conditions.
* In one of Aycock's studies a map is shown giving the geographic distribution
of the incidence of poliomyelitis in the United States based upon the average rates
for the years between 1910 and 1927. An extraordinarily higher rate is reported
in New Jersey than in Pennsylvania3.
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Our interest has been to see what degree of repetition or difference
exists between the distribution of the disease within this given area
during the two epidemics.
For the study of this feature a series of outline maps have been
prepared including the City of New Haven and parts of the sur-
rounding townships of West Haven, Hamden, North Haven, and
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FIGURE III. Outline maps of New Haven, showing the population density in 1916
and in 1931.
East Haven. These maps, which appear in Figs. IV and V, fail to
indicate the variety of living conditions which exist within such a
relatively small area, including as they do, densely crowded districts
of the city, suburban and rural districts, together with a stretch of
seven or eight miles of shore properties (city waterfront excluded)
fronting on the harbor and Long Island Sound. Fig. III presents
maps showing the distribution ofthe population for 1916 and 1931.*
* We are indebted to Drs. I. V. Hiscock and J. H. Watkins of the Department
of Public Health, Yale University Medical School, for these population figures.
45FIGURE IV. Outline maps of New Haven showing the distribution of home sites
of the 1916 cases.FIGURE V. Outline maps of New Haven showing the distribution of home sites
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In 1916, the population of the City of New Haven and the
districts listed above, approximated 180,000. It will be seen that
there was marked concentration within certain districts of the city,
largely an expression of industrial activities in which munition
factories played an important rle. In 1931, the total population
of the districts shown in the maps approximated 225,000. The
City of New Haven had gained slightly in population during the
intervening fifteen years, whereas the surrounding towns had made
tremendous gains.
One of the many difficulties which we encountered in our effort
to visualize the distribution of the population at the time of each
epidemic was the problem as to just what alterations occurred during
the summer. In West Haven and in East Haven the shore-front
districts shown in the maps, are undoubtedly crowded with people
in the summer, and more or less deserted in the winter, but it is
upon the winter residences that the census bureau statistics are
based. Estimates obtained from the Town Clerks of these towns
suggest that the population of West Haven increases by 14 per cent
during the summer, and East Haven by 10 per cent. These figures,
which are purely arbitrary, have been used in both of our 1916 and
1931 compilations. From our own personal observation we believe
that the population immediately adjacent to the shore-fronts in
West Haven and East Haven probably doubles, or even trebles,
during July and August, but how far this increase is reflected in
other parts of these large districts is problematic. The type of
analysis employed also hinges upon a number of uncontrolled vari-
ants over and above those we have already discussed. The most
obvious of these include: (a) whether the addresses of a group of
patients, particularly in mid-summer, is a satisfactory indication of
the actual site where the individual contracted the disease; (b)
whether the number of cases in different parts of the city might not
be essentially a distributional expression of the intelligence of the
inhabitants, in that many mild cases might easily be missed by
parents who were not on the alert to detect the disease; and (c)
whether the population figures for West Haven, East Haven, and
Hamden, covering as they do areas far larger than those of the
small wards of the city, are actually comparable to the ward figures.
All of thesevariants detract from the value of the statistical methods
employed; all of them would probably be repetitive in both
epidemics, but in spite of their obvious limitations the attempt will
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be made to compare each epidemic from the standpoint of case inci-
dence versus: (a) population density; and (b) terrain.
In order to orient the reader to the type of analysis employed, a
sample chart is shown in Fig. VI. This chart deals solely with data
which concern the 1931 epidemic. In it the density of the child
population, i.e., individuals under 15 years of age, has been calcu-
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FIGURE VI. The 1931 juvenile (under 15) case rate in different city wards
and surrounding districts, as compared with the juvenile population density of these
wards and districts. The fatal cases are indicated by black areas; paralyzed cases by
cross hatching, and non-paralyzed cases are indicated by shading.
lated in terms of the number of children per residential acre in the
wards of the city and the adjoining towns of West Haven and East
Haven. Similarly the number of (1931) cases of poliomyelitis per
thousand children in these areas are shown. The area covered by
this chart has been divided into western and eastern sections of the
city and surrounding neighborhood. Those wards or towns, which
include a stretch of shore-front are indicated at the bottom of the
chart. The importance of stressing the latter, as we have already
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emphasized, is that the population of such districts is probably far
higher during the summer than the census figures indicate.
The legends, illustrating the case rates of the different popula-
tions involved, include fatal cases-indicated by black areas; para-
lyzed cases-indicated by cross-hatching; and non-paralyzed cases
-indicated by shading. The purpose of dividing the cases into
these different groups is to show the ratio of fatal and paralyzed
cases to total cases in each group, for, as we have already mentioned,
it is possible that many cases, particularly the non-paralyzed cases,
might be missed among certain sections of the city where the inhabi-
tants were not on the alert to detect the disease.
From Fig. VI it will be seen that a fairly even sampling of total
cases exists throughout all of the wards and districts, varying from
0.8 per 1000 children to 8.2 per 1000, with an average rate of 3.9.
Differences in the fatality rates throughout this area are probably not
of significance, for the actual number of fatal cases included is too
small, but it is interesting to note that no fatal cases are reported
from the six most densely populated wards of the city. Wide differ-
ences in the ratio of paralyzed to non-paralyzed cases exist, and, as
might be expected, the relative number of paralyzed as contrasted
with non-paralyzed cases tends to be slightly higher in the most
crowded areas of the city where poorer and more ignorant people
tend to congregate. The main feature, however, which this chart
illustrates, is that in the two most crowded (i.e., more than 8 chil-
dren per residential acre) wards of the western half of the city, and
in three out of the four most crowded wards in the eastern half,
the total case rate is below the average, although there is a notable
exception to this in Ward 14. On the other hand, in the more or
less suburban area of West Haven, in two out of three of the scantily
populated Wards (32 and 33), and in East Haven, which is largely
semi-rural, the total rate appears to be well above the average.
These figures mean very little in themselves, but our interest lies
in whether the condition repeats itself in both epidemics.
We will turn first to the spot maps, shown in Figs. IV and V,
indicating the location of total cases throughout different periods of
the epidemics as compared with respective total populations. It will
be seen that while there is a fairly generous sampling of the popula-
tions involved in each epidemic no particular areas may be singled
out as having a high concentration of cases except for the eastern
shore district of the harbor and East Haven. Furthermore, the
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distribution ofcases within the city does not seem to reflect the popu-
lation density, and one can hardly visualize from the maps showing
total cases, just where the most crowded districts in the city are.
FIGURE VII. Comparative 1916 and 1931 attack rates in different city wards
and surrounding districts. The degree of crowding in each ward or district is indi-
cated at the bottom of the figure; solid areas indicate marked crowding; shaded
areas moderate crowding; blank area little crowding.
A comparison of the attack rate in different city wards and dis-
tricts in each epidemic appears in Fig. VII. Here the attack or case
rate ratio has been estimated on the basis of total population, instead
ofchild populations as in Fig. VI, because the latter are not available
for 1916. The different ratios of fatal, paralyzed and non-para-
lyzed cases have also not been included. In 1916, the total average
attack or case rate per capita for this whole area was 0.59 per thou-
sand. In twelve crowded city wards it was 0.48; and in five shore-
front wards and districts, which include the estimated increment in
summer population, it was 0.76. In 1931 this ratio again repeats
itself. The total average attack rate for this area was 0.98 per
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1000; in the same twelve crowded city wards it was 0.93; and in
the same five shore-front wards or districts it was 1.15. Such differ-
ences are slight and are dependent upon the variants already dis-
cussed, but they seem to indicate that the disease did not find its
highest incidence in densely crowded city districts in either epidemic.
We are aware, of course, that crowded conditions are rife enough
along the beach-fronts in the summer and here ample opportunity
exists for extensive contact. We are also aware that the higher
incidence in the beach-front districts and wards may well be an
expression of a population which actually greatly exceeds the esti-
mated figures. However, it is difficult to conceive of the latter
explanation as the complete answer. For instance, if the higher
incidence of cases in East Haven were due essentially to an increase
of population, then in order to bring the East Haven attack rate in
line with the average rate observed in the city, instead of the esti-
mated summer increment of population of 10 per cent, one would
have to postulate an increase of population of about 130 per cent
for 1916, and 140 per cent for 1931. One might consider it natural
to find a smaller number of cases in the most crowded city areas,
because the degree of immunity is perhaps higher there, reflecting
the recognized differences in mass immunity between urban and
rural populations4. This is possible, but it is pertinent to add that
the population in these shore-front districts is essentially urban in
character in that the children attend urban schools and the summer
residents for the most part represent urban citizens merely trans-
ported to the shore.
The significance of these figures may concern theories of the
mode of spread of this obscure disease, but it is improbable that they
can be interpreted in the light of our present knowledge. It is
generally believed that poliomyelitis is spread by direct contact, and
the detection of the virus in the throats of people ill with this disease
has enormously strengthened this concept. On the other hand, the
seasonal incidence of poliomyelitis does not fit very well with this
view, for poliomyelitis appears at a time when people are not
crowded within doors, and when most of the respiratory diseases
which we believe to be spread by direct contact or droplet infection
find their lowest incidence. Along this same line of reasoning our
data suggest that during two epidemics, the densely crowded urban
districts apparently did not produce the highest attack rate, but that
the shore-front districts furnished conditions which brought about
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an attack rate which was not only comparable but probably higher,
than the average rate noted in the adjoining urban environment. It
is still quite impossible to state whether these differences are due to
factors which concern the spread of the disease or factors which
concern the susceptibility of the respective populations.
Summary
1. Comparative studies as to chronology; the age groups
attacked, and location of cases, have been made of the 1916 and
1931 epidemics of poliomyelitis in and about the City of New
Haven.
2. A striking similarity exists between the time of onset and
decline of these two epidemics.
3. An appreciable difference exists between the infant attack
rate in these two epidemics, in that in 1916, 13.5 per cent of all
the cases occurred in infants under one year, whereas in 1931, only
0.5 per cent of cases were noted in infants under one. Theories of
the explanation of this feature are discussed.
4. In both epidemics the reported cases represent a fairly even
sampling of the estimated population throughout the urban, sub-
urban and rural districts, but among densely crowded city districts
the attack rate was below the average, whereas the highest local
incidence of the disease appears in both epidemics to involve the
same shore-front summer resorts. Owing to the fact that the
summer population of these shore districts is unknown, we cannot
actually determine whether the disease consistently found a much
higher incidence in this area or not. Nevertheless our figures tend
to belittle the role of dense crowding within cities as the major
predisposing factor for the acquisition of the clinical disease.
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